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Purpose 
Statistical methods play a key role in all tasks concerning 
data: collection, analysis, interpretation and visualization. 
Therefore, the use of statistics is ubiquitous throughout 
an environmental project life cycle and supports both the 
objective of advancing scienti�c understanding and the 
management goal of making decisions. For example, 
during remediation and monitoring stages, trend analysis 
is often used to evaluate whether chemical concentrations 
in groundwater are increasing or decreasing over time. 
Regardless of the media (i.e., groundwater, soil, etc.), 
chemical concentration data sets are inherently variable, 
and statistical methods provide the tools needed to 
understand the behavior and patterns of these chemicals 
over time and space.

This fact sheet provides a condensed selection and 
discussion of important statistical methods used for the 
analysis of groundwater and soil data at Navy and other 
federal sites. Statistical analysis of groundwater and soil 
data can present challenges during different stages of 
the project cycle, such as planning, implementation, and 
decision making. Challenges can be related to:

�  The inherent nature of environmental data, such as 
censored values (i.e., less-than or non-detect values), 
small sample sizes, unrepresentative or biased samples, 
skewed data distributions, measurement error, etc. 

�  The selection and application of statistical methods to 
answer questions that are speci�c to the site and/or the 
objectives of the investigation. 

This fact sheet is intended to elucidate some of these 
challenges and to promote the proper use, application and 
interpretation of statistical methods. The following topics 
are discussed:

�  When is it appropriate to use statistics?

� Which statistical methods can be used for groundwater 
and soil data sets?
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While this fact sheet provides de�nitions of statistical 
concepts and their application in environmental projects, 
it is not intended to replace other detailed statistical texts, 
guidance documents or software. Additional resources  
on environmental statistics are provided at the end of  
this fact sheet.

When is it Appropriate to Use Statistics?
Before conducting any statistical evaluation, data must be 
reviewed to ensure that the right type, quality and quantity 
of data are available. Systematic planning helps to ensure 
that the data collected are of suf�cient quality to be  
used in statistical evaluations. This planning process  
is based on guidance for establishing data quality 
objectives (DQOs) as provided in the Uniform Federal 
Policy for Quality Assurance Project Plans (UFP-QAPP), 
along with additional U.S. Environmental Protection 
Agency�s (USEPA�s) resources (USEPA, 2005, 2006a and 
2006b). The following considerations can be used to  
help determine whether the data are usable for  
statistical evaluations:

Sample Design. Data should be collected using 
systematic planning and incorporate a statistical (or 
probabilistic) sampling design. In particular, when the 
study objectives involve estimation or decision making, 
some form of probability sampling (e.g., simple random 
sampling, strati�ed sampling, etc.) should be selected 
to ensure that the data are representative of the target 
population, e.g., site and background (USEPA, 2000). Data 
collected using judgmental sampling, where the site expert 
designates where and when samples are collected, should 
not be used for statistical evaluations because the results 
will be biased and lead to erroneous conclusions. 

Sample Size. To conduct defensible statistical evaluations, 
a suf�cient sample size (number of usable data points) 
needs to be collected from the population of interest using 
appropriate DQO processes. As a general rule, for both 
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parametric tests (i.e., tests that assume a data distribution, 
for example, the normal distribution) and most nonparametric 
tests (i.e., tests that do not assume a data distribution), the 
larger the sample size, the greater the power and the smaller 
the decision error risk (false positives and false negatives).  
To minimize decision error risk, minimum sample sizes should 
be determined before data collection, if possible, as part of 
the design process. However, more often than not, the data 
have already been collected without using a DQO process, or 
due to resource constraints, it may not be possible to collect 
as many samples as determined by using a DQO-based 
sample size formula (ITRC, 2013). Under these circumstances, 
guidance documents (e.g., Navy, 2002; Navy 2004; ITRC, 
2013; USEPA, 2009) recommend a minimum of  
10 independent observations for most statistical tests. 

Historical Data. Historical or pre-existing data may be used 
for statistical evaluation, but the historical data must be 
checked for suf�cient quality compared to more recent data. 
For example, changes in sample collection and analytical 
methods over time can introduce bias and higher levels 
of uncertainty in chemical measurements. These biases 
can affect the results of a statistical evaluation, leading to 
erroneous conclusions. Exploratory data analysis (EDA) 
methods can also be used to assess the usability of historical 
data. EDA is described in more detail below under the 
�Commonly Used Statistical Methods� section.

Handling Non-Detect Data. Non-detect (ND) data complicate 
statistical evaluations, especially when a large portion of the 
data are ND. There are two main approaches for handling ND 
data: (i) the substitution method, where NDs are replaced with 
zero, half of the reporting limit (RL), or full RL, or (ii) the use 
of robust statistical methods that can account for ND data, 
such as, Kaplan-Meier (KM), regression on order statistics 
(ROS), and maximum likelihood estimation (MLE). Substitution 
methods are generally not recommended because it can 
lead to biased estimates. The recommended approach for 
managing ND and estimated (�J-�agged�) data (Navy, 2002; 
Navy 2004; USEPA, 2009) can be summarized as follows:

�  If ND data are infrequent (<15%), half of the RL can be  
used in place of these data without signi�cantly biasing  
the statistics.

�  If ND data are 15% to 50%, parametric methods that 
explicitly handle NDs (e.g., MLE) or non-parametric  
methods insensitive to the presence of NDs should be  
used (e.g., KM and ROS). 

� If ND data are >50%, use a non-parametric method. 

�  Where available, estimated results less than the RL (i.e., 
�J-�agged� data), but greater than the method detection  
limit should be considered detections for the purposes of 
statistical analysis. 

Checking Statistical Assumptions. Any formal statistical 
test makes a series of assumptions about the underlying 
population from which the sample data were collected. These 
assumptions will vary depending on the objective of the 
statistical evaluation (e.g., trend analysis versus background 
comparisons, etc.) because assumptions are test speci�c. 
EDA/graphical methods and formal statistical tests should be 
used to verify these statistical assumptions so that accurate 
and defensible conclusions are being made about the data. 
Common statistical assumptions and the tests that can be 
conducted to verify them include:

�  Normality � Shapiro Wilk (smaller sample sizes) or Lilliefors 
(larger sample sizes).

�  Equality of variance (i.e., between different populations) � 
Levene�s test.

�  Temporal independence � sample autocorrelation function  
or rank von Neumann ratio test.

� Temporal stability � regression or Mann-Kendall.

�  Spatial variability � parametric one-way analysis of variance 
(ANOVA) or nonparametric Kruskall-Wallis.

� Outliers � Dixon�s or Rosner�s test. 

An introduction to EDA/graphical methods, regression, 
and Mann-Kendall are included in this fact sheet. A more 
comprehensive list of test-speci�c assumptions and 
associated methods/tests to verify them can be found in 
Appendix F of ITRC�s Groundwater Statistics and Monitoring 
Compliance guidance document (ITRC, 2013) and various 
other guidance documents.

Which Statistical Methods Can be Used for 
the Analysis of Groundwater and Soil Data?

Commonly Used Statistical Methods and Tests  
The following sections provide descriptions of some of 
the most commonly used statistical methods for analyzing 
groundwater and soil data sets. Table 1 provides a list of 
common study questions and indicates which statistical 
methods can be used to answer them. Guidance documents 
that contain the technical details for these and numerous 
other statistical methods/tests can be found in NAVFAC 
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(2002, 2004, 2010, 2012); ITRC (2013); USEPA (2009), and 
the many references therein. Note that a comprehensive 
list of software packages that implement these statistical 
methods are available in ITRC�s Groundwater Statistics and 
Monitoring Compliance guidance document (ITRC, 2013) and 
its companion web-based guidance document Geospatial 
Analysis for Optimization at Environmental Sites (ITRC, 2016).

Exploratory Data Analysis/Graphical Methods 
EDA consists of descriptive and graphical methods, such as 
summary statistics, time series plots, scatter plots, histograms, 
box plots, and probability plots. EDA can be used to:

� Check data quality.

� Qualitatively identify patterns, trends and relationships.

�  Provide information on range, spread and shape of a 
contaminant distribution.

� Detect outliers and anomalies.

�  Select the appropriate statistical method, e.g., parametric 
versus nonparametric.

�  Test underlying assumptions of a statistical test, e.g., 
normality, equality of variance, etc.

Three commonly used statistical graphical methods used for 
EDA are described below. Note that many statistical software 
packages provide options to construct censored versions of 
these plots to accommodate data sets with ND values.

 

Table 1. Statistical Methods Used to Answer Common Questions at a Site

Study Question GW Soil EDA/Graphical 
Methods Regression MK/TS Statistical 

Limits
Hypothesis 

Tests
Geospatial 
Methods

What are the background 
concentrations?

Are onsite concentrations 
greater than background 
concentrations?

Are concentrations above or 
below a criterion?

When will contaminant 
concentrations reach a criterion?

Is there a trend over time in 
contaminant concentrations?

Is there seasonality in the 
concentrations over time?

What are the contaminant 
attenuation rates in wells?

How do contaminant 
concentrations change with 
distance from the source area?

Is the sampling frequency 
appropriate (temporal 
optimization)?

Is the spatial coverage of the 
monitoring network appropriate 
(spatial optimization)?

What is the extent of the 
contamination?

What is the footprint and depths 
for the treatment zone?

What is the mass of 
contamination?

What is the site-wide exposure 
concentration?




















